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I. INTRODUCTION
•WELCOME
•IRMS IN LIÈGE: FEW WORDS ABOUT A LONG HISTORY
•IRMS INSTRUMENTATION
•APPLICATIONS 1: TO ASSESS TROPHIC NICHES AND THEIR
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CHANGES
•APPLICATIONS 2: TO LINK ECOTOXICOLOGY AND TROPHIC
ECOLOGY
•TAKE HOME MESSAGE





































1950’: beginning of modern 
IRMS (e.g. Craigs and co-
authors)
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Data: IsiWeb of Knowledge, key words: (stable isotope) and (Nitrogen or 
Carbon) (Environmental Sciences and Agriculture)
1968 : first IRMS in Liège
Varian-MAT CH5 (later Finnigan, now ThermoFisher)
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1989: first Ecological 
The stable carbon isotope ratios 
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Data: IsiWeb of Knowledge, key words: (stable isotope) and (Nitrogen or 








































IRMS IN LIÈGE: FEW WORDS ABOUT A LONG HISTORY
1995 EA- IRMS: VG Optima coupled to 
Elemental Analyser (Micromass, now 
Isoprime)
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IRMS IN LIÈGE: FEW WORDS ABOUT A LONG HISTORY
2011: new IRMS
With 2 coupling
2011: EA – IRMS  (Isoprime – Elementar)
and 
GC- IRMS (Isoprime – Agilent)
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With X and Y = 2 stable isotopes of an element
Applications of Biomarkers in 
Aquatic food web studies - Liège -
30 January 2013 
⇒ Isotopic ratios












or: When an ion with a mass M and an electric charge Z is
accelerated by a potential difference V through a 
magnetic field B, this ion move according to a circular
orbite with a radius equal to R.  

IRMS Isoprime 100 (Isoprime, UK)
Sample inlet
Source




Collectors schema (for CO2)
•Measurements are done on simple gaz (CO2, N2, SO2, H2)
NOT on atoms of C, N, O, H, S 
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•Need to convert sample into simple gaz
⇒ Preparation off line (till 1990’) or on line = coupling of 2 
instruments
IRMS
Example 1: Coupling EA -IRMS
Elemental
analyser
Coupling line (CO2 
or N2 sample)
Solid or liquid samples
⇒ Combustion and conversion in CO2, N2
Elemental
concentration of 
the sample (%C, 
%N,…)
Stable isotopic composition 
of the sample (13C/12C, 
15N/14N,…)
⇒ BULK stable isotopes composition
He: carrier gaz (CONTINUOUS FLOW)
O2: sample combustion









Example 2: GC-IRMS and even more MS-GC-IRMS




each peak of the 
chromatogram
Chromatogram
Mass spectra of 

















δ = deviation (in per mille) between the isotopic ratio of a 
sample and of an INTERNATIONAL standard
•Delta 13C is NOT the quantity of 13C  in a sample but the 
deviation in per mille between the ratio 13C/12C of a 
sample and the ratio 13C/12C of a standard
Value Signification
δ = 0
Isotopic ratio of SAMPLE = Isotopic ratio of 
REFERENCE 
δ > 0
Isotopic ratio of SAMPLE higher than Isotopic ratio 
of REFERENCE
⇒ heavy isotope more abundant in SAMPLE 
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δ < 0
Isotopic ratio of SAMPLE lower than Isotopic ratio 
of REFERENCE
⇒ heavy isotope less abundant in SAMPLE 
II. APPLICATIONS 1: TO ASSESS 
TROPHIC NICHES AND THEIR CHANGES
•Generalities
•Trophic diversity of Pomacentrid fishes
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•Intra-specific trophic diversity in a Pomacentrid
species
•Ontogenic trophic shift in an Acanthurid fish
GENERALITIES
•Trophic niche = one aspect of ecological niche (sensu
Hutchinson)
•Why to study trophic niche?
•How stable isotopes may be use for trophic niche studies?
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13C: G.aequicauda: -16.4 ± 08
G.fucicola: -19.7 ± 0.5
δ
15N: G.aequicauda: 3.0 ± 0.6
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Source: Lepoint et al., Mar Biol Research 2006
1. If diet constant between individual: 
- Isotopic variability of the diet
- Variability of isotopic fractionation between diet and 
consumer tissues
2. If not:
Then Isotopic niche never equal Trophic niche
Because:
CAUSES OF ISOTOPIC VARIABILITY IN CONSUMER
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- Diet variability between individuals 
AND
- Isotopic variability of the diet
- Variability of isotopic fractionation between diet and 
consumer tissues
* Isotopic variability of sources
* Limited by possibilities to discriminate isotopically
the different food sources
Level of diet specialization in a population
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Source: Bearhop et al., J Anim Ecol 2004: 73, 1007-1012 
Source: Bearhop et al., J Anim Ecol 2004: 73, 1007-1012 
A STEP FURTHER: DEVELOPMENT OF ISOTOPIC NICHE METRICS
•We need objective measurements of isotopic niche to 
assess trophic niches
⇒ Isotopic niches metrics
•Convex hull approach (e.g. Layman and co-authors),
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•Bayesian statistics approach (e.g. Jackson, Parnell, Inger
and co-authors) (module SIBER in SIAR mixing model)
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Last philosophical comment
•The question  strongly determine the sampling design for 
stable isotope purpose
•A model is a model, not the reality
Applications of Biomarkers in Aquatic food 
web studies - Liège - 30 January 2013 
•Complex problem needs multidisciplinary approach : 
stomach contents are not always obsolete
TROPHIC DIVERSITY OF POMACENTRID FISHES
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Source: Frédérich et al. 2008, Ichtyological Research































Source: Frédérich et al. 2008, Ichtyological Research









































Source: Frédérich et al. 2008, Ichtyological Research
INTRA-SPECIFIC TROPHIC DIVERSITY IN A POMACENTRID
SPECIES
Dascyllus aruanus
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Source: Frédérich et al. 2010, Copeia
•Inter-individual variability: ≈ 2‰
Colony A
Colony B
• Co-variations δ13C et δ15N, but variable between colonies 
Source: Frédérich et al. 2010, Copeia
Source: Frédérich et al. 2010, Copeia
Source: Frédérich et al. 2010, Copeia
Source: Frédérich et al. 2010, Copeia
•Progressive trophic shift according to size (i.e. age, 
status in the colony)
•From zoobenthos to zooplankton
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•Variable according to colony size  = intra-population 
variability
ONTOGENIC TROPHIC SHIFT IN AN ACANTHURID FISH
Acanthurus triostegus
Source: Frédérich et al. Frontiers in Zoology 2012, 9:8
Source: Frédérich et al. Frontiers in Zoology 2012, 9:8
Source: Frédérich et al. Frontiers in Zoology 2012, 9:8
III. APPLICATIONS 2: TO LINK 
ECOTOXICOLOGY AND TROPHIC
ECOLOGY
•Case study 1 : to detect eutrophication in a 
marine coastal environment
•Generalities
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•Case study 2: to elucidate contamination 
pathway of an organochlorate pesticide
GENERALITIES
•Why to use stable isotopes to detect or to understand 
pollution effect?
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•Why to use stable isotopes to detect or to understand 
pollution effect?
-Pollution mapping
-Problematic of diffuse/ponctual pollution
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-Understanding of pollution effect on trophic web
EXAMPLE OF ISOTOPIC MAPPING: MORETON BAY, AUSTRALIA
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Source: Costanzo et al. (2005), Mar Pollut Bull 54: 212-217 
⇒ Isotopic mapping (IsoMap) or isototopic
landscape/seascape (IsoScape) (www.isoscape.org)
CASE STUDY 1 : TO DETECT EUTROPHICATION IN A
MARINE COASTAL ENVIRONMENT
Spatial and temporal responses of marine 
gastropods and biofilms to urban wastewater 
pollution in a Mediterranean coastal area
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Sources: Vermeulen S. (phD thesis, 2012) and Vermeulen et al., (2011) Mar Ecol Prog
Ser 422: 9-22 
•Main objective: to assess the efficiency of a new set of 
potential early bioindicators of urban wastewater pollution 
for Mediterranean coastal areas in a environmental
monitoring context.
•Potential bioindicators: epilithic biofilm and two of their 
consumers
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- Human = high trophic level
-Fractionation during mineralisation process
-Freshwater and terrestrial nutrient
Sources: Vermeulen S. (phD thesis, 2012)
● ubiquitous communities
● 1st colonization step
EPILITHIC BIOFILMS








Sources: Vermeulen S. (phD thesis, 2012) and Vermeulen et al., (2011) Mar Ecol Prog Ser 
422: 9-22 
Patella caerulea Monodonta turbinata
BIOFILM CONSUMERS
● most frequent organisms of the Mediterranean
midlittoral zone
● easily accessible
● available all year long
● low mobility
● primary consumers (biofilms)
SAMPLING DESIGN
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low strong





















Alga Bianca Stareso Sewer Marseille
Sources: Vermeulen S. (phD thesis, 2012) and Vermeulen et al., (2011) Mar Ecol Prog Ser 
422: 9-22 
• 15N increase = algal incorporation of 
wastewater nitrogen and / or shift in biofilm
composition
• seasonal response to summer pulses (fast turnover 
rates)
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Sources: Vermeulen S. (phD thesis, 2012) and Vermeulen et al., (2011) Mar Ecol Prog Ser 
422: 9-22 
•Limpets fed from algae that incorporated wastewater
nitrogen and / or from spatially differing community types
•Steady values across seasons (low turnover rate of 
muscles)
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Sources: Vermeulen S. (phD thesis, 2012) and Vermeulen et al., (2011) Mar Ecol Prog Ser 
422: 9-22 
•More expected signal of gradual exposure to 
wastewater
•Lower isotopic variances than limpets
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⇒ Response differ form one compartment/species to 
another
CASE STUDY 2: TO ELUCIDATE CONTAMINATION PATHWAY OF
AN ORGANOCHLORINE PESTICIDE
Organochlorine pollution in tropical rivers 
(Guadeloupe): Role of ecological factors in food 
web bioaccumulation
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Source: Coat 2010 (phD thesis), Coat et al. (2009) Freshwater Biology 54, pp. 1028-
1041  , Coat et al. (2011), Environmental Pollution 159: 1692-1701
Figure 1: Pérou River sampling site (Guadeloupe)
Figure 2:  Example of crustacean species  found the river Pérou fauna: Atya
innocous (Atyidae) (a) ; Macrobrachium heterochirus (Palaemonidae) (b) ; 
Xiphocaris elongata (Xiphocarididae) (c) (photos: Nicolas Marichal)
•Heavy contamination by organochlorine pesticides 
(Banana culture)
•What is the general structure of the trophic web?
PROBLEMATICS
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•Is there a relation between trophic level and pollutant 
contamination
STABLE ISOTOPIC COMPOSITIONS OF POTENTIAL FOOD SOURCES AND


























Applications of Biomarkers in Aquatic food 





























Applications of Biomarkers in Aquatic food 
web studies - Liège - 30 January 2013 
Source: Coat et al. (2009) Freshwater Biology 54, pp. 1028-1041  , 
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Source: Coat et al. (2011), Environmental Pollution 159: 1692-1701
Bioconcentration
Bio-concentration
Figure 10. Model of chlordecone transfer in the aquatic ecosystem, separated into
calm and turbulent habitats (the transfer of chlordecone between abiotic, white, and
biotic, grey, compartments is symbolised by black arrows for direct contamination
(bioconcentration) or white arrows for contamination by food (trophic transfer))
IV. TAKE HOME MESSAGE
•EA-IRMS = bulk isotopic composition by combustion of a 
sample
•GC-IRMS = stable isotopic composition of “small” 
specific compounds (AA, Fatty acids in trophic
ecology) 
•Isotopic approach is  a powerful technique (particularly 
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when associated with other approaches)
•First the question, then the sampling design 
•but numerous limitations and assumptions
Thank you for your attention
Applications of Biomarkers in Aquatic food 
web studies - Liège - 30 January 2013 
ACKNOWLEDGEMENTS
Firstly, I am sincerely grateful to Marleen De Troch who 
gives me the opportunity to participate in  this course. I 
wish also to thank the numerous collaborators and co-
authors who have contributed to this isotopic journey. I am 
Associated-Researcher at FRS-FNRS. 
References:
Applications of Biomarkers in Aquatic food 
web studies - Liège - 30 January 2013 
1. Coat, S, Monti, D, Bouchon, C, & Lepoint, G. (2009). Trophic relationships in a tropical stream food 
web assessed by stable isotope analysis. Freshwater Biology, 54(5), 1028-1041. 
2. Coat, S, Monti, D, Legendre, P, Bouchon, C, Massat, F, & Lepoint, G. (2011). Organochlorine
pollution in tropical rivers (Guadeloupe): Role of ecological factors in food web bioaccumulation.
Environmental Pollution, 159, 1692-1701. 
3. Frederich, B, Lehanse, O, Vandewalle, P, & Lepoint, G. (2010). Trophic niche width, shift, and 
specialization of Dascyllus aruanus in Toliara lagoon, Madagascar. Copeia, 2010(2), 218-226
4. Frédérich B, Colleye O, Lepoint G, Lecchini D. Mismatch between shape changes and ecological 
shifts during the post-settlement growth of the surgeonfish, acanthurus triostegus (accepted April 
2012). Frontiers in Zoology. 2012:8.
5. Vermeulen, S, Sturaro, N, Gobert, S, Bouquegneau, J.-M, & Lepoint, G. (2011). Potential early 
indicators of anthropogenically derived nutrients : a multiscale stable isotope analysis. Marine 
Ecology. Progress Series, 422, 9-22. 
